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ABSTRACT 
The demogrc:.phic history of Costa Rica in the twen tieth 
century is examined in the context of a n10del of dynamic a,djust ­
ment to changing child survival probabiEties and micro-level 
population pressure. JVlicro-levei population pressure is vie\ved 
as resulting fror.o a couple having children beyond its current 
optin'lal fa1n ily size, given current prices and its income. Caritonal 
reg1�ession analyses £or t21e time periods, 1927-1950, 19.51-1953 
to 1961-1%3, and 1961-1963 to 1970 lend support to the hypothesis 
that the secular fertility decline in Costa Rica is a dyna:mic 
adjustment to high co:npleted family size and inc rea s ing child 
surviYal probabilities. 
INTRODUCTION 
Recer.t work on the econornic theory of fertility has 
focused alrn_ost exclusively on attempts to explain fertility fluctua-
t�ons in countries \Vh�ch have already substantially completed the 
de.rDo ic i.:r.:.JnsiI.ion... tlovvev2:r, work by Easte:tlin (1968) on 
the Unitecl States i<: rtility decline in the nine-Ceenth century; by 
'I'. }�aul �3c}1c.ltz (1973) on Taiv;an, and by Nerlov�:; and Schultz 
(1970) vn Pu€-:rto l:Z,.ico suggest that a theory of household decision 
n1.aking rnight be useful in explaining secular £ertU.1ty declines 
in dev·el0pi:1g co1i.ntries. Thi�:i paper examines the demographic 
C:X}Jt:Yi21-l.ce of Cost..l l=t.ica in the context of a_ hous·2hold decision 
11.1aking lTlodel vv-hich Eocut:;es o:-i the respor�;;es of individual 
fa.n-d_lie s to \,\'hat v.re te rnJ. rnicro -level population p1·e s sure a_nd 
tests how well the hypotheses generated by that nJodel explain 
be.th trends and £luctuati.ons in Costa Rican fertility.
COSTA RICAN FERTILITY TRENDS, 1906-1970 
�:_L;-;i,ny atten�1pts to st-c.dy secular feTti.lity chang e s ·in less-
dev-elopcd count!"ics cc.nnut go beyond tb.c p1_-r�_�(:l descriptive 
stage because ol lack 0£ ci<ita, both crGss-sectional and temporaL 
1./'l}-tile the Cost:ci }Zican data '.are; £:1r frorn pe:;:ff.;ct :-..r:.d cont;::i_in n1any 
�n1pcrtant gaps1 there are st.:.Efic;,�,nt data to i-',"'."-tir_:_y :;,ccur;_itely recon-
struct the trends in fertllity and lDo::-tality fer Cost::;L Rica a.nd its 
?TO\rinces and cantons in the twentieth century. i\ge-specific po-pulation 
is available by canton frorn the 1892, 1950, and 1960 censuses and 
nationally from the 1927 census. (This research was completed-
prior to the publication of the 1973 census and the re fore does not 
incl ude those data.) Age-specific deaths and total births are 
available annual ly by canton from 1890 o.nd births by age of. 
mother by province from 1953. 
Collver (1965) provides evidence that the national data 
from th_e 1892. and 1927 cer1suses �,;..re-i.�c-: substantially correct and 
that, overall, the 1950 census wras underenurne:rated by abou);:: 
five percent. Surviving the age-specific popdations between 
censuses using age-specific deaths indicates that the national 
death registration is also substantially correct. Only the birth 
r�gistration data present any prob len-i.. \li/hile the high degree 
of literacy and political stability in Costa Pica ensure that 
nearly all births are registered at sorne tin1e, births are 
often registered many years .after t� ...eir occurrence, thus 
con1plicating an analysis of short-run fluctuations in fertility. 
Further, registration drives during election years tend to 
produce spurious fertility peaks as people reaching twenty-one 
years of age find they must have birth certificates to vote. 
Several attempts have been niade to adjust fertility data to 
account for late birth registrations (Co.llver, 1965; United Nations, 
196 1 ). Collver ' s adju sted estimates are presented below for 
compari son with our demographic estimates, which are not 
adjusted for reporting bias .. 
iT'i,;,ure 1 scto out annuaJ. ti:::1e series £or Costa Rica 
since 1906 on the pro�:Jability of dyi:::-1g before age 20, total 
fertility rate, an<l potential completed farnily size. Potential 
cornpleted fan1ily sizec is the product of the total fertility rate 
and the probaoility at birth cf surviving to age 20 and represents 
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mortality and fertility persisted. (Appendix A provides a dis cus ­
sion of the estimation proce dure . ) 
Pre-adult mortality declines unevenly to the 1940s and· 
more rapidly and uniformly thereafter, le veling off at the end of 
th� period. Fertility declines slowly and st e adily from a peak in
the 1920s to 1950 , then ris es rapidly to 1961. After 1961, it 
declines precipitously to levels lower than at any previous time 
in thi s century. Pote ntial complete d  family size rises slowly 
betwee n the mid- l 920s and 1950. It increases more rapidly in 
the 1950 s as fertility rises and the mortality decline accelerates. 
Between 1961 and 1970 potential completed farriily size declines 
rapidly, to near the level prevailing between 1906 and 1925. A 
comparison of these fertility and mortality estimates with 
Collver's (1965) adjusted figures for 1905-1909 to 1955-1959 
(see figure 2) indicates that the timings of the adjusted and 
unadjusted fe rtility swings correspond quite closely . On that 
basis we accept our unadjusted national figures as usable for 
our analysis. Where we use cantonal data for hypothes is testing 
we will treat the problems caused by data quality (see pp. 17-24), 
The demographic trends since 192 7 can be separated into 
thr e e  distinct p e riods . 1927 to 1950 is a period of declining pr�­
adult mortality, slower declining fertility, and rising potential 
, completed family size. Betw e en 1950. and 1961 fertility and 
potential comp le ted family size rise dramatically, while pre­
adult mortality declines rapidly. 1961 to 1970 is characterized 
by a slower decline in pre - adult mortality, and rapidly declining 
fertility and potential con1pleted family size. In the remainder 
of this paper we develop a model to explain the observed demo­
graphic behci.vior of Costa Rica and test this model with cantor<­
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A W.:ODE L OF ADJUSTMENT TO FAMILY LEVEL POPULATION 
PRESSURE AND CHANGING CHILD SURVIVAL PROBABILITIES 
A model which is to explain the Costa Rican experien c e  
must account for both a secular fertility decline and rather 
'
extreme sho rt - run va riations in fertility. The following model 
builds upon the household model of Becker (1960): and the work 
of T. Paul Schultz (1969, 1973) on economic models of family 
planning , Easterlin (1968, 1973) on the American baby boom 
and re s ponse s  to economic stress, Davis (1963) on the theory 
of multi-phasic respon ,; e , and Namboodiri (1972) and Lindert 
(1973) on de ci s ion making with regard to the use of >:ontraceptives. 
The standa r d household decision making model is a one­
period model in which a coupl:e enters family formation with 
perfect knowle dge regarding prices, future income , and tastes 
6 
for children and other goods, with child n10rtality assumed consta nt 
or ab sent. While this kiY).d of model has yielded significant empirical 
results using recent United States data, it is probably unsatisfactory 
to explain the experience of a developing country undergoing 
sustained declines in pre-adult mortaiity and fertility. While 
the lack of cross-sectional economic data for Costa Rica does not 
allow the testing of a comprehensive model, we offer the following 
somewhat simpli::ed model in kee p_in g with the available data. 
Building upon Lindert' s (1973) and Namboo di r i ' s (1972) 
se quential analyses, we might think of a couple deci ding s equen­
ti ally for each time period, whether- or not they wish to have a 
child in.that time period. While our discussion refers to a 
couple, we recognize that an individual can also decide to have 
or not to have a child. We assurn.e that a couple's preferences 
·for goods, child quality, numbers of children, and contraceptive 
practices can be represented by a quasi-concave utility function 
7 
and that the coup le behaves as though it is attern.pting to maximize 
that function. The decision at the beginning of a time period 
whether to have an additional child at that time will involve 
weighing the utility of an additional child of a des ired quality 
aga inst the utility from the next best uses of the income which 
would go to that additional child. These alternatives would include 
both goods for parents and inputs to i ncrease the qua lity of already 
surviving children. 
The assumptio� of quasi-concavity implies that at each 
utility level, as parity increases, a family will wish to give up 
fewer and fewer units of goods for parents and child quality 
in or de r to get an additional child. Thus, each child that dies 
lowers the marg inal rate of substitution of an additional child 
relative to chil d quality and goods for parents, and each child 
that lives raises it, ceteris paribus. A family which was 
indifferent between having and not having the last child, therefore, 
should not wish to have an additional child unless another child 
should die. 
As Lindert (1973) and Namboodiri (1972) point out, how­
ever, parents cannot decide whether or not to have another child 
in the next time period, but must actually choose some contraceptive 
strate gy . A couple seeking to maximize utility will trade the psychic 
and monetary costs associated w ith using different contraceptive 
strategies aga �nst the probability of having an additional child 
while using each strategy, and will choose that st rategy which 
yi elds the highest expected utility. The utility maximizing strategy,. 
therefore, may not be the rnost efficient form of contraception . For 
example, total abstinence, which is a perfe_ctly efficient form of 
contr aception carrying no monetary costs, may have little appeal 
to the couple because of its high psychic cost . 
With the exceptions of total abstinence and sterilization, 
and the after-the-fact methods of abortion and infanticide, all 
methods of fe rtility regulation involve some probability of 
conception, live birth, and child survival. Short of infanticide, 
a family having an additional surviving child is fo rced to allocate 
resources to that child and away from goods for parents and 
quality of previous surviving children, given constant income 
and prices. Additionally the family must allocate time resources 
to that child, which may involve the reallocation of time among 
leisure, home production, and income-earning activities. If a 
family that was at the margin finds itself with an additional 
surviving child, eithe through contraceptive failure, non-use 
of contraceptives, or in ac cur ate expectations regarding income, 
prices, or child survival , we say that this family suffers micro­
level or family - level population pressure. If the pressure on the 
individual family is perceived to be sufficiently g reat , we might 
expect the recognition of this pressure from excess fertility to 
result in the adoption of more efficient contraception. 
The addition of a constraint on consumption decisions 
in the form· of suboptimal children may imply that a family under 
population pressure would have a higher marginal utility of 
income than it would have if it were not experiencing population 
pressure. (See Appendi..x B for an outline of a proof of this 
statement . ) A family whose marginal utility of income J:ias 
increased ·due to population pressure might be moved to adopt 
potentially income - inc reasing behavior in the face o.f population 
pressure. In particular, if a course of action yields a higher 
expected income, but also involves psychic costs, a family mi g ht 
adopt it only under population pressure. 
8 
9 
For examp le , a couple may have the opportunity to 
increase its future income, net of discounted rnonetary costs of 
rnigration, by moving to a new location. Figu r e  3 shows the net 
lifetime incon1es for the couple if it c hooses to migrate and if it 
does not. The solid lines show hypothetical utilities from 
incorne without population pressure, i.e., when the number of 
children 
.
is al lowed to vary optimally. The dotted lines show 
hypothetical utilities from incorn.e for some fixed number of 
children, where that fixed number of children is optimal at y'' 
and for which population pressure is experienced at inc omes 
lowe 1· tl;ian Y ':' The d otted lines are steeper than the solid lines 
·whe:i. children are greate r than the optimum number , reflecting a 
higher marginal utility of income under population pressure. The
upper two utility functions (Ua and Ua ')apply if the couple does 
not rnig·rate. The lower two utility functions (U and U ' ) a·p·oly 
b b • 
if it does migrate. The vertical d ista nce between the two sets of 
utility functions represents the discounted psychic costs or utility 
loss from leaving friends, family, and familiar surroundings when 
migration is undertaken. We. assume this cost or utility loss is 
invariant with the level of incom e .  When no population pressure 
exists (Ua and Ub)' the couple does not migrate because the 
anticipated loss in utility from migration is greater than the 
expected ga.in in utility from the in c r e as e in income. On the 
other hand, if the couple' represented in figure 3 is experiencing 
Population pressure, (U ' and U ' ), the couple can raise its riet · a b 
utility by migrating and earning a higher income. 
We will not deal with this issue in any greater detail 
becauBe the Co s ta Rican data a'o not allow a test of its usefulness 
in explaining demographic trends in Costa Rica. · However, we 
feel it has sufficient potential explanatory value that it should be 
investigated where data permit. 
no pop. (don't migrate 
pressure do migrate 
pop. c do migrate 
pressure don't migrate 
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} utility loss 
from migration 
net income 
A final issue which needs �o be considered in develop ing 
a dyn am ic model of fertility behavior is taste formation and 
change. Many taxonomies of factors accounting for differences 
in tas tes have been developed, but there have been only a few 
atten1pts to develop a systematic theory of taste formation and 
change. One such attempt is by Richard Easterlin, which we 
w ish to examine for its usefulness in explaining the swing s in 
£e rtility in Costa Rica. 
Easterlin (1970) argues that couples' consumption 
aspirations were fo rme d when they were teenagers in their 
parents' households and reflect their parents' consumption 
expenditures at those times. During prolonged s teady income 
g:::owth, each sue ce s sive couple that ente r.s the child-bearing 
years will have a g reat er expected income, but to the extent that 
the ir consumption stan dards were formed in their parents' house­
holds, they will have higher preferences for goods and child 
quality relative to numbers of children, as well. The income­
consumption lines in figure 4 represent the combinations of 
numbers of childten of rninimum quality and a composit e good, 
consisting of goods for parents and child quality, ·that each of· 
two couples would choose at each level of income in order to 
maximize utility. The higher· consumption line (I - Cb), 
reflecting stronger preferences for goods and child quality 
relative to nmnbers of children, belong s to a couple that grew 
up and is enter ing child-bearing at a later time than the coup le 
with the lower line (I - C ) . 
a 
The higher budget line represents 
the incorn.e constraint of the later couple, and the lower one 
applies to the earlier couple. In this example, desired 
completed family size for the later couple is the same as for 
































Number of children of minimum quality 
12 
and preferences over time, and assuming constant relative 
prices, desired con1pleted family size may remain constant , as 
in figure 4, or increase or decrease .. 
For a given level of child survival, Easterlin argues 
that swings in incom.e will p roduce swings in fertility, with the 
pattern of fertility changes dependent on both the pattern of 
13 
incor:ne changes and the age at which consumption aspirations are 
formed. For example, rising al!d then constant income can 
produce a downward swing in fertility, as is indicated by the 
change in desired family size shown in figure 5. The coupl� 
entering farnily form.ation at the beginning of a perio<;l. of constant 
incon1es has consumption aspirations (I - C ) based on the lower 
. a 
incorne levels that prevailed in its parents' households. It is 
followed by a couple that has higher cons umption aspirations 
(I - Cb), because it was raised during the_period of constant, 
higher incomes. The fir st couple has a lower income-consump-· 
tion line, and thus higher desired completed family size, than does 
the second, leading to a lower desired completed fam.ily size. 
HYPOTHESES 
While the data for Costa Rica are not cornprehensive, 
some testable hypotheses en1erge from the n1odel discusse.d 
above. To begin, 1927 to 1950 is a period of declining pre­
adult mortality, more slowly declini"r1g fertility , and rising 
potential completed farnily size. We might assume that rising 
potential completed family size either reflects an increase in 
average desired family size, or, for some proportion of Costa 
Rican families, population pressure. 1£ the rise in potential 
completed family sizEo represents population pressure, the 




































Number of children of minimum quality 
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15 
the sarCle tirne, the fe r tility decline might be a dynarnic adj ust -
rn.ent to the decline in pre - aduit mortality. 
Easterlin1s hypothesis suggests that the dramatic ris e 
in fertility between 1950 .:ind l 9b0 :::night be due to an. increase in 
desired fanJily size, perhaps reflecting low previous consumption 
e.xpe rience £0 r cohorts erj_te ring the peak chilclbea ring age groups, 
or sufficient increases in pre sent incor:ne. The continued decline 
in pre-adult m or tality suggests that there might be a continuing 
adjustrn.ent to irnpr oving child survivala Thus, \<Ve mi g ht expect 
fertility to have risen eve n furthe1· if child survival probabilities 
had r-::�;;1-1ained constant� 
Finally, l 961 to J 970 is characterized by a slower 
decline in pre-adult rno rtality, and rapi dly declining fertility 
and potential compieted family s ize. The model suggests the 
hypothesis that this decline in fe rti lity to pre - 1950 levels may 
reflect high previous consurr.Lption experience for cohorts 
enteri::1g the peak childbearing age g roups , or sufficient decreases 
in pr e s ent incomeo The decline in pre-adult mortalit y may 
contribute to the decline in fertility by red ucing the number of 
births necessary tc achieve the hypothesized lower desired 
completed family size. 
TESTS OF HYPOTHESES 
While the dat� for Costa Rica de not allow unambiguous 
tests of the hypotheses deve loped above, prelin1ina ry tests· with 
�lie available data suggest sorne rat11:er striking conclusions and 
i�aise inteTesting que5t.ions regarding the experience; of other 
Central American countriesw To adequately test the above 
hypotheses or.e should have a stratified, longitudinal sample of 
Costa Rican households, sinc e the n1odel develops a s trictl y micro 
16 
rather than a m acro concept. Unfortunately, however , only 
estirnated canton data of varying quality are available longitu­
dinally. (The estimati on pr ocedures are discussed in Appendix A.) 
Recognizing that h ous ehold data would be more desirable, we 
present reg re ssion re s ults us ing the canton data as indicators of 
sig.nificant relationships, discus s ing the quality of the data under­
lying each re gre s si on . 
First, if the dec line in fertility f rom 1927 to 1950 
repre sents an 2.djustment to imp r oving child survival and a 
re spans e to population pre s sure, cantons with higher potential 
completed family size and gr eater increas es in child survival 
should have larger de c lines in total fer tility rates . I£ rite racy 
or urban res i dence, two variab les often cited as explanations of 
fertility diffe re ntials, reflect the 'differences among cantons in 
desi red farnily size , differences in p ot e ntial completed family 
s ize s h ould reflect differences in excess family size when the y are 
held constant. In the absence. of data on literacy and urbaniza­
tion, a dummy va.riable rep:cesenting Central Highlands 
Residence ( Central Highlands = l; Non-Central Highlands = 0) 
is us ed in their place, vvhere Central :tiighlands is a proxy for 
urban areas. This regression is ruI1 for 52 cantons of Cos ta 
Rica. Six canto:rn were eliminated from the analysis in equa-
tion (1) due to suspectc.J data errors. (See Appendix A.) 




t = 5. 76 t = 3. 62 t = 3. 04 
_A;..11 coefficients have the pr·edicted sign, arld are significant at 
greater than the . 99 level, The decline in the total fertility rate 
(DTFR 9) is strongly associated with high initial potential 27-4 
family size (PFS27), Central Highland �esidence (CHR)(urbaniza­
tion ) , and increases in child survival probabilities (ISP
2
7_49). 
If the six cantons elirninated from the estimation of equation ( 1) 





2+1. 01 PFs27+1. 08 CHR+6. 34 ISP 27_49 R =. 58 
(2) 
t = 7. 40 t = 4. 03 t = 3. 23 
The evidence p:-esented above provides support for the hypothesis 
that the decline in fertility between 1927 and 1950 was a response 
to both population pressure existing at the beginning of the pe riod
and increasing probabilities of child survival. 
The data underlying equations (1) and (2) were estimated 
by surviving the age-specific populations by canton from 1950 to 
1927, as described in Append ix A. The estimated age groups 
17 
0 - 4 plus 4/5 (5 - 9) were then compared with each enumerated 
c2.ntonal population 0 - 8 irorn the 192 7 census. The distribution of 
percentage deviations of the survived from the enumerated 
populations is given in Table I. 
Table I indicates that the e s timation procedure. in general 
introduced little error into estimates of 0 - 8 population. What 
error t here is is fairly randomly distributed and is not likely to 
consistently bias the results if the errors described above are 
indicative of errors in the total survived population. To check 
for possible bias, equation (1) was estimated using only those 
cantons whose error was between -15percent and +15 percent and· 
equation (2) was edirnated using all the cantons . The results 
were little changed. Thus, it is assumed that the estimation 
procedure does not seriously bias the results. 
Table I 
Percentage Deviations of Survived Populations, 0-8 from 
Enumerated Populations, 0 -8, by Canton in 1927 
Percentage Deviation's 
more than +15 
+ 11 to + 15 
+6 to +10 
0 to +5 
0 to -5 
-6 to -10 
-11 to -15 
less than -15 









In o r de r to 1- e s t  the hyp oth e s i s  that th� r i s e  in f e r t i l ity 
b e tw e en 1 9 5 0  and 1 9 6 1  r e fl e ct s e ith e r  r e lativ e ly low c o n s umptio n 
exp e ctatio n s  o r  r e l a t i v e l y  h i g h  c u r r e nt i n c o rn c ,  it wo uld b e  n e c e s -
s a r y t o  have c a n c o n a l  i n c o m e  e s t i m at e s fo r th e p e r i o d 1 9 3 5  t o  
1 9 6 0 .  Unfo rtunat e ly ,  h ow ev e r , ev e n  c r ude e s tim at e s of nat i ona l 
i n c o m e  c a n  o nly b e  c o n s t ru c t e d  frmn 1 9 5 0  o n .  V o e r tn1an ' s 
( unp t:cbl i s h e d) e s tin1at c s  of r e al p e r  c apita a g r i c ul t u r a l  p r o d u c -
tion fo r 1 9 5 0  w 1 9 6 5  c o n s t itute the b e s t fi g u r e s  av a i l a b l e  f o r the 
p e oc �o d .  B e fo r e 1 9 5 0 ,  the only in c orne  dat a av a i l abl e a r e fi g ur e s
£or t h e  v 2.l ue o f  expo rt s .  S i n c e  c o i£e e and ba. nana s a c c o unt for 
_ ne a rly 85 p e 1· c ent o f  the v a l u e  of C o s t a  Ri c an exp o rt s in 1 9 5 0 ,
t h e  expo r t  fi g u r e s  '\V e  r e  d e flate d u s h1 g an · i n d e x  o f  c o ffe e and
b c..nana p r i c e s to c o n s t r uct a v e r y  c r ud e indi c a t o r o f  the t r e nd in 
r e a l a g r i c ul t u r a l  o ut p ut f r o nr l 9 36 to 1 9 5 0. T h e  ind i c ato r s  o f  
c u r :c e nt i n c o rn e  un d e r.ly i n g  ii g u r e  6 w e r e  c o n s t r u c t e d  b y  s p l i c ing
the e xp o rt s e r i e s with V o e rt m a n 1  s e s t in'1at e s .  
S in c e  w e  hypo th e s i z e  that c o n s urnp tio n  exp e c t a t i o n s  
a r e  fo r me d in a c o h o rt ' s p a r e nt s ' ho u s e h o l d s  and r e fle c t  p a r e nt s ' 
i n c o m e s at that time , fi r g u r e  6 u s e s  inc orn e  l a g g e d  fift e en y e a r s  
a s  a p r oxy fo r the c o r: s ump t i o n  exp e c tat i o n s  o f  c o up l e s  i n  the 
p e ak c h i l db e a r in g  y e a r s .  A s  in Ea s t e rlin ' s analy s i s  of the 
Arne r i c a n  baby b o o m  ( 1 9 7 0 ) , th e  t r e n d  in th e r atio , c u r rent 
in come to l a g g e d  incorrre ·, i s  a p ro xy f o r  th e r e l ative rnove m e nt s  
o f  in c o nl. e  a n d  c o n s un1ption expe ctat ion s .  T hu s ,  if t h e  r e l a t i v e
ir1 c o,:-n e  p r oxy in c r e a s e s ,  c u r r e nt inc o m e  b e c o m e s l a r g e r r e l at i v e  
to  ' c o n s  urnption exp e  c t a t io r. s , a n d  fe r t i lity s ho u l d  r i s e .  S i mi l a r ly, 
a s  r e lative in c om e fall s ,  fe r � ility s h o ul d  fa l l . In fi g u r e  6, 
r e lative in c o= e  r i s e s  s ha rp ly in the  e a r ly 1 9 5 0 s  .and stays h i gh
until  1 9 6 1 ,  th e y e a r  th e total fe r t i l it y  r a t e  p e a k s ,  and th en falls  
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T ot a l  f e rt i l i t y  
ra t e  
1 9.7 0 
r e pli c a t e d by the r e l at i v e  in c om e t r e n d , th e r i s e  in a ct ual 
i n c o m e  r e l a t i v e  to c o n s umpt io n exp e c tations might w e l l  b e  s uf -
fi c i e nt to rn ov e famili e s  f r o m  p o pul at io n p r e s s u r e  to in c r e a s in g 
d e s i r e d  family s i z e and i n du c e  a r i s e  in f e rt il ity . And, t h e  
e qualiy p r e c i p i t o u s  fall in re lative i n c ome a ft e r 1 9 6 1 mi ght b e
s uffi c i e nt to b ring de s i r e d  c o mp l e t e d fam i l y  s i z e  w e ll b e l ow
<c c tual c o mp l e t e d  fan1ily s i z e  and a c c o unt fo r t h e  t i1ni n g  of the 
fe rtility de c l i n e  a ft e ,· 1 9 6 1 .  While th e s e  data a r e  s ug g e s t ive at 
b e s t  an d in no way p rovid e a t e s t  o f  the hyp o t h e s i s , they d o  
r a i s e int e r e s t i n g  que s ti on s a b o ut the relations hip b e twe e n  'r e l a ­
tive i n c o m e a n d  fe rtil ity chan g e s i n  o the r c o unt ri e s ·  whi ch
b e n e fitt e d  from ih e inflation o f  b a nana exp o r t  p r i c e s  dur in g 
W o rld W a r  II . 
T h e  hyp o t h e s i s that i n c r e a s e s  in child s u rv ival r a t e s 
k e p t  th e fe r tility ri s e  in th e 1 9 5 0 s  from b e i n g e v e n  g r e at e r 
s u g g e s t s  that the fe rt i lity inc r e a s e  s h o ul d  b e  inv e r s e ly a s s o ­
c i at e d  with the in c r e a s e  in c hild s u rv i va l r a t e s .  When the 
in c r e a s e  in th e t ota l fe r t i l ity r a t e  is r e g r e s s e d  on the in c r e a s e  in 
ch ild s u rviva l p r obability b e tw e e n  1 9 5 1  and 1 9 6 1 - 3 for 6 5 canton s 
of Costa R i ca , we obta in th e f o l l owing r e s ult : 
IT FRS l - 6 3 2 .  0 0 - 8 .  9 1  ISP 6 3  R 5 1 -
t = 3 . 3 3  
z 
• 1 5
While t h e  in c r e a s e in the chil d s ur vival p ro b ability (ISP
6 6 
) 1 - 3 
o nly exp l a i n s  1 5 p e r c e nt o f  th e v a r i a n c e  in the inc r e a s e  in the
t o t a l  f e rtil ity r at e  ( IT F R5 / 3 ) , the hyp o th e s i s  i s  s c:pp o rt e d  at 1 - o 
g r e ate r than the . 99 l e v e l  th at the inc r e a s in g p r ob ab ility o f  
child s u rvival kept fe r t i l ity f r o m  r i s in g . e v e n  h i gh e r  dur in g th.e 
1 9 5 0 s .  
( 3 ) 
Z i  
T h e  dat a  un de rly ing r e g r e s s i on ( 3 ) w e re cal culat e d  from
c o mp l e t e  annual vit al s ta t i s t i c s  and int e r c e n s al p o p ul at i o n  int e r ­
po iat io n s . While the fiv e p e r c e nt unde r e num e r at i o n  o f  the 1 9 5 0  
c en s u s  may b i a s  the v it al r at e s  b y  r e du c i n g  th e e s timat e d  fe rti ­
lity in c r e a s e  and in c r e a s ing the e s timat e d  mo rta lity d e cl in e ,  
f i v e  p e r c e nt i s  p r o b ably n o t  s uffi c i e nt to c r e at e  a s p u r i o u s
r e l at i o n s hip if th e e r r o r s  are r a n d o m .  If ,  h o w e v e r ,  th e y  a r e
n o t  r an d o m ,  b ut c o n c e nt r at e d  in tho s e  c anto n s  with t h e  g r e at e r  
f e rt il it y  inc r e a s e s  the e r r o r  mi ght l e ad t o  a fa l s e  c o r r e lat ion
b e tw e e n  s mall fe rtility inc r e a s e s and l a r g e  rno rt ality de cline s .  
F o r that r e a s on ,  w e  r e g a r d the r'e s ul t s  o f  e q uat i o n  ( 3 ) a s  t e nt a -
t i v e . 
T h e  de c l in e in fe rt il ity in the 1 9 6 0 s ,  like th e fe rtility 
d e c l ine from 1 9 2 7  t o  1 9 5 0 ,  is hypothe s i z e d  to be b oth a r e s p o n s e 
to p op ul at i o n p r e s s ur e  f r o m  ex c e s s  c omple t e d  family s i z e  and 
an a dj u s tm e nt t o  r i s in g  c h i l d  s u rv ival p r o b a b i l ity . F o r th i s
p e ri o d , c a l c ulati o n s  c a n  b e  ma d e  from the 1 9 6 3  c e ns u s  of  the 
p r opo rti o n of  the populat i o n  of chi l db e a r i n g a g e  whi ch is l it e r at e ,  
a n d  the p r opo rtio n  o f  th e tot al p opulati on living i n  urban a r e a s  in
e a c h canton. The s e  p 1 0 vid e d i r e ct m e a s u r e s of  l i t e r a c y  and 
u r b an i z at i o n .  C e nt r al Highl a n d s  r e s i d e n c e  i s  r e t ain e d  a s  a 
dummy v a r i abl e .  C a nto n s  e xp e r i e n c in g  l a r g e r  fa1nily s iz e  in 
1 9 6 1 - 6 3  and g r e at e r in c rea s e s in child s urvival p ro b ab i l it i e s 
b e tw e e n  1 9 6 1 - 6 3  and 1 9 7 0 s ho ul d  have g r e at e r  d e c line s " in fe rti ­
lity b e tw e e n  1 9 6 1 - 6 3  and 1 9 7 0  when lit e r a cy , urb an r e s idenc e ,  
and C entral  Highlan d s  r e s i d e n c e  a r e  held constant. T h e  
fo llowin g e quation s h ow s the r e g r e_s s ion r e s ult s fo r 6 5  c anto n s : 
22 
D T F R . 1 7 0 = 6 . 7 8 + 1 . 0 7  PFS , , 3+ 1 3 . 3 3 ISP 6 7 0 - . 1 0 C H Rb - o l - o  1 -
t= 5 .  3 5  
? 
+ . 0 3  P L IT R� 
t = 0 . 9 6 
t = 3 . 0 0  t = 0 . 2 6 
. 5 5  
( T he c o e ff i c i e n t  fo r p e r c e nt ru r al is 0 . )  T h e  imp rovement in
c hil d s u rvival p r obabil ity ( IS P  6 1  _ 70 )  and initial p o t e nt i a l  c o m ­
p l e t e d  family s i z e  ( P F S 6 1 _ 6 3 ) b o th have t h e  p r e di ct e d s i gn and
a r e  s i gnific ant at b e tt e r  than the . 99 l ev e l ,  while th e o the r  
i n d e p e n d e nt v a riabl e s  a r e  not s i gnifi c ant at the . 9 0 l e ve l .  
E v e n  though p o t e nt i a l  family s i z e  and t o tal fe rtility 
l ev e l s fo r 1 9 6 1 - 6 3  have a c o r r e l atio n  o f  O. 9 8 ,  wh e n  fe rtility 
level in 1 9 6 1 - 6 3  is held c o n s tant, pot ent i al family s i z e  r e ta i n s
it s s i gnifi c ant r e lat i o n s h ip w ith fe r t i l ity de cl in e , a s  s h own in
the followin g e quation:  
2 3  
(4 ) 
D T F R6 1 _ 70 = 1 . 5 7  + 3 . 5 7 P F S 6 1 _ 6 3 + 2 4 . 2 5  ISP 6 1 _ 7 0 - 2 .  2 3 T F R6 1 _ 6 3 
t = 5 . 0 3  t = 4 . 8 2  
- .  0 3 P LIT + .0 1 P RU R  + . 1 8  C H R  
t= l . 0 5  t= O .  7 0  t= 0 . 5 1  
t = 3 . 6 5 
R2 = . 6 3  ( 5 ) 
T h e  data und e rlyin g e q uation s (4 ) and ( 5 )  we re.
_
c a l cula t e d by
s· u r v iving p o p ulat io n from the 1 9 6 0  c e n s u s .  W h i l e thi s p r o -
c e du r e  int r o duc e s  e r r o r whe r e  int e rnal mi g r ati on i s  wide s p r e ad,
the e ffe c t o f  t h i s  e r r o r  i s  e ithe r t o  s lo w  or t o  a c c e l e r at e  both
the mo rtality and th e fe rtility d e cl ine s at the s am e  time . T h i s  
e r r o r  may bi a s  th e r e s ult s b y  i n c r e a s i n g  the c o e ffi c i e nt fo r 
child  s u rv ival , b ut we a s sume that it will  not s e r io u s ly alte r 
the s i gn i fi: c a n c e  of the r e l at i o n s hip s de s c r ib e d  in equation� (4 ) and ( 5 ) .  
Altho ugh v a r i o u s  l a g s in s urvival p r o babiliti e s we r e
t r i e d  i n  t h e  r e g r e s s i o n  e q ua t i o n s  ( 1 ) - ( 5 ) ,  cur r e n t  s urv iva l 
p r ob ab ilit i e s a d d e d  the mo s t  to the exp l anatio n of the va rianc e in
.fe rtility chan g e . The r e s ult s o f  the r e g r e s s io n analy s i s  p r ov i de
s uppo rt fo r the hypo the s i s th at the C o s t a  Ri c a n  fe rtility de cline
r e fl e ct s an a dj us tme nt t o  p opulation p r e s s u r e  and inc r e a s ing
child s u rvival r at e s . 
C O N C L USION 
The mo del  s et out in thi s pape r and the evi\}ence pre ­
s e nt e d  fo r a dev e lop in g c o unt ry,  C o s t a  Ri c a , s u g g e s t  that f e r t ility
de c i s i o n s a r e  made in the co nte xt o f  p r e vail in g child s u rvival
p r obabiliti e s .  In a d d i t i o n ,  c u r r ent i n c o m e  and th e family ' s 
c o n s umpt i o n  p r e f e r e nc e s may a ffe ct f e r t i l ity d e c i s ions . 1£ 
a ctual o r  e xp e ct e d family s i z e  i s  g r e at e r  than de s i r e d , famil i e s 
may r e s p o nd to r e al o r  th r e at e n e d  ( mi c r o - l e v e l )  p o p ulation 
p r e s s u r e  by r e du c in g fe rtility. O n  the othe r hand, m e a s u r e d
f e rtilit y  in c r e a s e s in d e ve lop in g c o unt ri e s m a y  r e fle ct inc r e a s e s  
i n  de s i r e d  family s i z e  and not s imply i mp ro v e d  nut r iti o n o r
r e g i s t r at i o n ,  How e v e r , ina c c u r at e  mo rtality e xp e c t at i o n s o r · 
impe rfe ct cont r a c e-rtion may l e a d  t o  .continu e d  ex c e s s fe rtility
2 4  
and p opulati o n  p r e s s ur e fo r indiv i d ua l  famil i e s .  M e a s u r e s whi ch 
h e lp famili e s  t o  r e du c e  c o nt r a c eptive fa il ur e and imp ro v e  the 
a c cur a c y  o f  chil d s urvival e xp e ctations may not only l ow e r  fertility,
but al s o  n:ay h e lp to imp r ove the w e ll - b e in g  of individual famili e s .
2 5  
A P P E N IX A 
E s tim2. t ion of Cantona l C o m D o n e nt s o f  Cor.nple t e d  Fa m i ly S i z e ,  
1 9 2 7 - 1 9 7 0  
Annua l a g e - c; p e c if i c  p opula t i o n  b y  ca nt on we r e  e s tirnate d  
b e tween the 1 9 5 0  a n d  1 9 6 3 c e n s u s e s  ( C o s ta R i c a ,  D i r e c c ion General 
d e  E s ta d i s t i c o  y Cc n s o s ,  1 9 5 3 ;  1 9 6 6 )  by a s irnp l e  geornet r i c
int e rp o.l a t i o n ..  E s tirna t c s  of a g e - s p e c i f i c  populatio n s  from
1 9 6 '1  to  1 9 7 0  w e -r e  ma d e  b y  s u-rvivin g f r o m  the 1 96 3  c en s us f i g ur e s ,
er:-i ;:i l oying ""m1ua l a g e -- s p e c i f i c d e a th s  and a nnua l t ota l b irth s ( Co s ta 
R i ca ,  D i r e c c i o n  Gene r a l  d e  E s ta d i s t i c o y Cen s o s , 1 9 0 6 - 7 0 ) .
Due t o  the la ck o f  a g e - s p e c if i c  p opula t i on fi gur e s b y
canton f o 1· 1 9 2 7 ,  the fo l l o w i n g  e s tim a t i on p r o c e d u r e  wa s en-iploye d .  
F i r s t ,  a nnua l tota l p opula t i o n s  b y  canton we r e e s t imat e d  b etween 
1 9 2 7  and 1 9 5 0 .r  us ing e(r ,Jation A - 1 .  
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total  p op ula tio n e s t irnate d at t irn.e t ;
initiz.. ] c e n s u s  y e a r  total p opulati on ( 192 7 ) ; 
e n ding c e n s u s  ye a r total p opulati on ( 1 9 5 0 ) ;
n umbe 1� o f  ye a rs b e t\,ve e n  c e n s u s e s ;
( A - 1 )  
nurn b e r oi' ye a r s  f r om initial c e n s u s t o  tirne t ;  and
change in r a t e  o f  nat u r al in c r e a s e  b e twe e n  ce n s us e s . 
T h i s  p -r o c e du r e  h a s  the e ffe c t  of a c c e le r ating the ann ua l r ate of 
p op ulation g r o\,.,�th b e hv e e n  c e n s u s e s to a c co unt fo r a s ub stantia l. 
in c r e a s e  in the rate of na tur al  in c r e a s e .
2 6  
Next , s ta rt ing with the a ge d i s t r ib ution of the population 
by ca nton in 1 9 5 0  ( Co s ta R i ca ,  D i r e ccion Gene r a l  de E s ta d i s t i c o  
y '  Cens o s ,  1 9 5 3 ) ,  ea ch a g e g r o ·�p w a s  s u rvived b a ckwa r d s  t o  1 94 9 ,
u s ing a g e - s p e c ifi c dea th s ( C o sta R i ca ,  Di r e c c ion Gene r a l  d e
E s ta d i s t i c o  y Ce?1 s o s ,  1 9 0 6 - 7 0 ) .  T h e  s um of the 1 94 9  s u rvived 
p opulati on s w a s  the n  s ubt ra c te d fr o :n  the int e r p olate d p opula t i o n  
tota l . T h i s r e s idua l wa s atf r ibute d to m.i. g r a t i on and di s t ributed 
arnong the a g e  g r oup s a c c o r d in g  t o  a standa r d i z e d  age d i s t r ib ution 
o f  m i g -r a t i on ,  wh i ch wa s  a d a pte d fr om T h oma s ( 1 9 3 8 ,_ pp . 4 2 - 44 ).
T h i s  d i s t -r ib ut i on p r o c e dure is b a s ed on the a s s umpti on that the 
r elative rate s of mi g rat i on acr o s s age g r oup s  a re constant .  That 
i s ,  that  
I 
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}..., o r  e a c:O. a g e  g r oup ,  the s u1n of the s u rv iv e d p op ill a t i o n  
a n d  t h e  rr1i g r ati o n r e s idual V/ a s  the n u s e d  as the b a s i s  f o r  s u rvivin g 
b ;:;. c k  to 1 9 4 8  and this p r o c e du r e  w a s  repe ate d f o r  e a ch y e a r  b a c k  
t o  1 9 2 7 .  VIThile a ge - s p e c if i c  p op u l a ti o n s  by c ant on a ::- e not available 
fo r 1 9 z' 7  fo r all age g r oup s ,  the c e ns us d o e s  give the n umb e r of 
chil d r e n  in e a ch c anton e i ght ye a r s and y o un g e r ( C o s t a  Ri ca ,  
D i re c c i on Ge ne r a l de E s t a dis ti c o y C e ns os ,  1 96 0 ,  pp . 5 2 - 5 3 ) .  
c omp a r i s on w a s  made b e twe e n  thi s numb e r and the s urr, o f  the 
A 
s u rvive d a g e  g r o up s  0 - l ,  1 - 4 and 8 0 %  of 5 -9 fo r 1 9 2 7 .  F o r  t h o s e  
c ant o n s  i n  \;\/hich the s urvi·ve d a g e  g r oup s d e v i at e d  b y  mo 1· e than 1 5 o/o 
£r orr.!. th e e num e rate d f i gL:.r e s ,  the ob s e rva t i o n  wa s  e l im ina te d .  
Cant o n s  San J o s e  and T iba s in Sa n J o s e  Pr ovin c e ,  Punta r ena s 
and O s a  in Punta r ena s P r o v i n c e , a n d  P o c c o c i  and S i q ui r r e s  in 
L in-ion :P r ovin c e  v.r e r e  e lirn Lnate d .  
T h e  p r obab .c l ity o f  dying b e fo r e  a g e 2 0  ( 2 0 0 0 )  wa s 
ca l cula t e d  a nm1a ll y fr orn 1 9 2 7  t o  1 97 0  us in g a nnua l a g e - s p e c iiic 
d e ath s ( C os ta H i ca , D i r e c c ion G e n e ral de E s ta d i s ti c o  y C e n s o s ,  
1 9 0 6 - 7 0 ) ,,  T he a n :('1ua l tota l fe r t ility r a t e s  f o r  the s a r.ne t i m e  p e r i o d 
vv e re e s t ima t e d  £ o :r  e: a ch c a r.1.ton by d is t r ib u t i n g  th e ca nt ona l t otal 
b i rth s ( C os ta R i ca :1 Di r e c c i on G e n e r a l  de E s ta d i s t i c o  y Cens o s , 
1 9 06 - 7 0 )  a mon g the fern a l e  a ge g r o ups a c c o r d in g  to th e d i s t r ibut i o n  
of b i rth s by a ge o f  nrnthe r i n  1 95 3 in the pr ovin ce c o nta in i � g  that
C(;lnton�  
E s timcttion of Na tiona l Corrnon��nt s of C om p l e t e d  Fa mily S i z e j  
1 9 06 - 1 97 0  
A::mua l a ge - s p e c ific  popul.a t i o n s  b e twe en the 1 9 2 7  and 
1 9 5 0  c e n s us e s  ( C o s t'l R i ca , D i r e c c i o n  Gene r a l  d e  E s ta d i s t i c o  y 
Cen s o s ,  1 9 6 0. ;  1 9 5 3 )  \V e r e  e s tir.n<:!. t e d by e s ti:rY1ating p r ovin c i a l  
p o pulations in  the s a rn e  n1anne r  a s  the cantona l p opula t i ons a n d  
2 8  
th e n  s urr,m in g .  Est irr,a t i o ns o f  a g e - s p e c if i c  p o pulations b etwe en 
th e 1 892 a n d  1 92 7  c ens us e s ,  a n d  b etw e e n  the 1 9 5 0  and 1 96 3  
c e ns u s e s  ( C os ta R i ca ,  D ir e c c io n  G e n e ra l d e  E s ta d is t i c o  y Ce n s o s ,  
1 893; 1 96 0 ;  1953;  1 96 6 )  w e r e  e s timat e d  b y  s imple g e o m e t r i c 
inte r p o la t i ons . F o r  1 96 3  to 1 97 0 ,  th e c a nt o na l e s timation p r o c e dur e 
wa s a l s o e mp lo y e d  at t h e  nationa l l e v e l .  
T h e  p r obab il ity o f  d y in g  b e fo r e  a ge 20 b e twe en 1906 a n d  1970 
wa s c a l cula t e d  a nnua lly in th e s a me manne r a s  the cant ona l r a t e s 
w e r e  ca l culat e d .  T h e  a nn ua l  total fertility rat e s  f o r  190 6 t o  1 95 2  
w e r e  e s t imate d b y  d is t r ib ut in g  annua l total b i r ths ( C os t a  R ic a ,  
D ir e c c ion Gen e r a l  d e  Esta d istico y C e ns o s , 1 9 0 6 - 7 0 )  a c c o r d in g  
t o  th e d is t r ibution of b i rth s  b y  a g e of mothe r in 1 95 3. Ann ua l  
total fe r t i l ity r a t e s  fo r 1 95 3  t o  1 9 7 0  w e r e  c a l cula t e d f r o m  a nnua l 
b i rths c l a s s if i e d  by a g e  of n;ioth e r  ( Co sta R i ca , Di r e c c i o n  G e n e r a l
d e  E s ta d is t i c o  y C e ns o s ,  1 90 6 - 7 0) . 
APPENDIX B 
In thi s appe ndix we outline a p r oof of the c laim that the r e  
e xis ts a ne i ghb o rho o n in whi ch t:ie rna r g i:aal ut i l ity of i n c o r.ne is  
hi ghe r whe n t h e  a ctual nun1b e r of chi l d r e n  i s  c on s t r aine d to e x c e e d  
the optima l nurnb e r ,  a s s u n1 i n g  p o s itive i n c ome e l a s t i c ity f o r
n umb e r s  o f  chil d r e n .  C on s i de r a ut il ity fun ct i on o f  the fo r m: 
U = U( N, Q , X) , whe re 
N numb e rs of c h i l d r e n  o f  minimurx1 qua lity ; 
(B- 1 )  
Q 
x 
t otal quality inp ut s  to chil d r e n  above the minimum; and 
g o o d s  fo r p a r e nt s . 
In the unc o n s t raine d c a s e  V/e 'N i s h  to ma.x:ir:n i z e  the L a g r a n g ian: 
L = U( N, Q ,  X )  + t- ( Y - pNN - pQQ - PXX ) , whe r e 
Y = inc ome ; a n d  
P N ' p 0 ,  P x = p ri c e s of 
N, Q ,  and X ,  r e s p e ctive l y .
T otally diffe r e nt i ating the fi r s t o r de r  c onditi o n s  fo r a 
r e g ul a r  r e l ative maximum yie l d s  a mat r ix e q uatio n  of th e fo rm:
\uNN uNQ u NX -P� fdi<j I
> d >r< l 
uQN u oo uox - Pa \ \ dQ \ = A. a  po \
ux N uxo uxx - Px l  I ax \ j > d px I . J ' I I l PN - P0 - p x  o LdA.J -�dY + NdpN + Qdp0 + xd PJ 
2 9  
( B - 2 ) 
( B - 3 ) 
Inte rp r e tin g A. a s  the m a r g inal utility of inc ome , and holding
all p a r ame te r s except inc ome c on s tant,
- d YA44 
_ 
dA. = ---- whe re 
\ A \ , 
( B - 4 )  
A4 4 i s  the 4 4  c of a ct o r  of  the 'b o r de re d  He s s ian mat r ix A an d j A I i s
it s d e te rminant.
N ow we c on s t r a i n  N to  be a t  N ,  maximi z in g  the L a g r angian:  
L = U(N,  Q ,  X )  + t- (Y - p N - p Q - p X)  - i-t(N - N) . N Q X ( B - 5 )
T otally diffe r.;nt iating the fi r st o r d e r c onditi o n s  a dd s  an 
a d di t i onal b c· r de r to rnat r ix A :
l NN NQ U N X  .PN -lu lJ T '  - 1,] 
1 u u u o i ON QQ QX - p Q  







CN -p o -p x 
- p X 0 1 1 d X 
0 o \  \ d A. 1 - d Y + 
O � lax� l 0 0 
\ d pN l 
A. d p_Q 
t- d p X 
d N  
l (B .- b ) Xdpj _NdpN + Qdp Q + 
3 0  





I B I ( B - 7) 
T hus , 
oA j 
0Y N c on s t raine d 
- B 44 
TBT ( B - 8 ) 
Exp re s s ing the un c on s t r a ine d c a s e  ( B -4 )  in te rms of mat r ix B we
have : 
� 1  
- B 5 5 44 
o Y  N unc on s t r aine d = B ' whe r e 
5 5  
( B - 9 ) 
B 5 5  44 i s  the c ofa c t o r  B 44 with the 5 th r ow and 5 th column d e l e t e d .' 
We now wi s h  t o  s i gn· the e xp r e s s i on:
[ o'- I 
- a A. \ 1 oY N un c on s t r a i n e d  oY  N c on s t r ame dj If
- • . is r e ate r than - . the aA. 1! - . ax l 0 Y N un c on s t r aine d g oY N c on s t r aine d ut ility 
fun ct i on in the c on s t r a ine d c a s e  lie s b e l ow the e nve l op e  curve o f · 
the ut il ity fun ction in the un c on s t r aine d c a s e ,  e x c e pt at t a n g e n cy 
p oint s , wh e re the c on s t r a ine d numb e r of chi l d r e n i s  optimal ( N  = N) . 
If the c o n s t r aine d c a s e  l i e s be low the un c o n s t r aine d c a s e , the n the
ma r g in al utility of i n c ome i s  g r e at e r in the c o n s t raine d c a s e  in
ne i ghb o r h o o d s  to the l e ft o f  p o int s of ta n g e n c y .  F o r  example .• in
f i g u r e  B - 1  the s e c ond d e riv ative of the e nvelope curve , N un c o n -
s t r a ine d, i s  g re ate r than the s e c ond de r ivative o f  the c u rve , N 
c on s t r a ine d ,  at the p oint of tang e n c y .  In thi s  examp l e , the
c o n s t r a ine d c u r v e  l i e s b e l ow the un c on s t r aine d curve , .  g iving a 
hi ghe r .ma r g inal ut il ity of income fo r inc ome s le s s  than Y ,  when
children a r e  c on s t r a ine d t o  b e . g r e ate r than optimal.
F i g u r e  b - l  
H Y P O T H E T I C A L  U T I L I T Y - F UN C T I O N S  W I T H  C O NS T RAINED 
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21. I  - �
o Y j N un co n strain e d  0 Y  N c o n s t rain e d  
- B 5 5 '  44 (' - B 44 I - B 44 B 5 5 - I B I B 5 5 '  44
B5 5  - TB! J - \ B  \ B5 5  
( B - 1 0 ) 
Applying J a c obi ' s the o r em. on dete rminant s , 
B 44 B 5 5 - I B I  B 5 5 44 ' 
I B \ B 5 5 
B44 B 5 5 - ( B 5 5 B44 - B 5 4 B4 5 )  
I B \ B ,. � '.) '.)  
B 5 4 B4 5 
I B \ B5 5 
( B - 1 1 )
S i n c e  B i s  a. s ymme t r i c  mat r ix B 5 4 = B 4 5  and the nun'lerat o r  i s  
p o s itive . T he de nominat o r  i s  al s o  p o s itive be c a u s e  b o r d e r e d  
p rincipal mino r s  o f  s uch ne g ative de finite mat d c e s mus t  b e  of the
s ame s i gn re g a r dle. s s  of the numb e r of b o r de r in g  r o w s. T hu s  th e 
diff e r e n c e  i s p o s itive and the m a r g i n a l  utility of income i s  h i ghe r 
unde r p o pulation p r e s s ur e  in ne i ghb o rh oo d s  to th e l e ft of p o int s  
o f  tan g e n c y .  
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